Background {#Sec1}
==========

Malaria and intestinal helminths are co-existing important public health problems in many parts of sub-Saharan African \[[@CR1], [@CR2]\]. According to World Health Organization (WHO), there were an estimated 216 million cases of malaria in 91 countries and increase of 5 million cases over the year 2015. Global malaria death was 445, 000 in 2016, which showed a reduction of 37% when compared to that in 2010. However, 90% of all global malaria cases and 91% of deaths are still shared in the WHO African Region alone \[[@CR3]\].

Helminth infections are the most prevalent of chronic human infections and based on available estimates there are 1,221 million (*A. lumbricoides*)*,* 795 million (*T. trichiura*), and 740 million (hookworms) infections \[[@CR2]\]. Schistosomiasis transmission is reported in 78 countries with 206.4 million people required preventive treatment in 2016 and of which 91.4% live in Africa \[[@CR4]\]. Globally, different forms of coinfections exist, mainly among communities with high poverty indices. It is estimated that over a third of the world's population is infected by malaria and parasitic helminths largely in tropical and subtropical regions \[[@CR2], [@CR5]\].

Although, often unclear to predict how and when the coinfections matter the most, accumulating evidence indicates that the course of the disease and outcome of the interventions are affected \[[@CR6]\]. Malaria and intestinal helminthiases coinfections overlap in many epidemiological settings \[[@CR5], [@CR7], [@CR8]\]. Such coinfections have varying outcomes in the host. Several reports showed an increase in malaria incidence associated with one or more intestinal helminths \[[@CR9]--[@CR13]\]. The risk of anaemia in patients might be increased with coinfection of helminths and malaria parasites \[[@CR14]--[@CR17]\]. On the other hand, helminths were observed to be protective of acute renal failure and jaundice \[[@CR18]\] and cerebral malaria \[[@CR19]\] among coinfected malaria patients. Some authors have also found that helminths - malaria coinfections have little or no significant contribution to the severity and parasite clearance rate of malaria \[[@CR8]\] as well as on the incidence of malaria \[[@CR20]\].

A detailed knowledge of intestinal helminths and malaria coinfection in endemic areas is very crucial to institute better prevention and control measures. Therefore, the objectives of this study were to assess the prevalence of malaria and intestinal helminthiases coinfection among malaria suspected patients as well as to determine the association of helminthiases with the occurrence of malaria and its outcomes in Wondo Genet, Sidama Zone, southern Ethiopia.

Methods {#Sec2}
=======

The study area {#Sec3}
--------------

The study was conducted in Wondo Genet (Fig. [1](#Fig1){ref-type="fig"}) which is about 270 km to the south of Addis Ababa and 24 km east of Hawassa City. Wondo Genet is one of the resort towns located in Sidama Zone, Southern Nations, Nationalities, and Peoples' Regional State (SNNPRS), Ethiopia and has an average elevation of 1880 m. The area is inhabited by heterogeneous people of diverse ethnic groups, the majority of whom are Sidama people. The area is known for its cash crops including sugarcane and *khat* (*Catha edulis*). *Enset* (*Ensete ventricosum*), and maize are major food crops in the area. The Wondo Genet Forestry plantation is prominent in the area with several small-scale irrigation canals that irrigate various crop farms. The area has been known for its endemicity of malaria and helminth infections \[[@CR11]\].Fig. 1Map\* showing the study centers and the surrounds, Wondo Genet District, Sidama Zone, SNNPRS, Ethiopia. *\*Note:* Hawassa is transliterated as "Hawasa", "Awassa" or "Awasa"; and Wondo Genet is also transliterated as "Wendo Genet". Aruma and Kella Health Centers are located in the respective '*kebeles'*. Whereas Busa is a clinic in Chuko town (indicated with green spot) bordering Bula/Busa *'kebele'*

Study population and sample collection {#Sec4}
--------------------------------------

The cross-sectional study was conducted from December 2009 to July 2010 for over eight months. The area is characterized by seasonal malaria transmission and samples for both malaria detection and stool processing were collected from febrile malaria suspected patients visiting Kella, Aruma and Busa health centers serving seventeen '*kebeles'* (subdistricts - the lowest administrative units) of Wondo Genet District. The inclusion criteria of the study participants were febrile cases suspected for malaria, residing in the study area for more than a year and provision of informed consent by the patients or their legal guardians or parents for children younger than 18 years. Study participants having a febrile illness other than malaria, pregnant women and non-consenting were excluded from the study.

Sample size was determined using single proportion formula at 95% confidence interval (CI) level (Z = 1.96) with the expected prevalence of 50% for malaria and 5% marginal error. The sample size was then calculated as *n* = Z^2^ \[P (1-P)\]/d^2^, where: n = sample size, P = expected proportion in the study area, Z 1-α/2 = CI of 95%, d = marginal error to be tolerated. Accordingly, a total of 427 study participants were included in the study.

Malaria parasite identification and determination of parasitaemia {#Sec5}
-----------------------------------------------------------------

Two slides were prepared for each febrile patient. The slides were free of dust, grease, soap, fingerprints and other debris so that the blood adheres to the slide for proper staining. On each slide, thick and methanol fixed thin blood films were prepared from capillary blood obtained by finger prick using disposable sterile lancet. Each blood smear was stained using 3% Giemsa stain for 30 min and examined according to WHO \[[@CR21]\]. The stained slides were examined under a light microscope using 100x oil immersion objective. Up to 300 fields were examined before a blood smear was considered negative for the parasite. Giemsa-stained thin and thick blood films were used for the identification of *Plasmodium* species and determination of parasitaemia, respectively. Parasitaemia was calculated per 200 white blood cells assuming 8000 white blood cells per microliter of blood and classified as low, medium, high and hyperparasitaemia according to Garcia \[[@CR22]\].

Stool examination for intestinal helminth infections {#Sec6}
----------------------------------------------------

Stool specimens were collected from the study participants using clean plastic vial and were processed for microscopic examination using Kato-Katz thick smear method (two slides for each specimen). Kato-Katz thick smears were prepared from stool specimen using 41.7 mg templates and examined quantitatively under 40x microscope objectives for ova of hookworms within 15--30 min. All the slides were carefully examined twice for the ova of other intestinal helminths after 30 min on the same day. The number of eggs per gram was calculated by multiplying the average number of eggs per slide by 24. The intensity of infections was classified as light, moderate and heavy \[[@CR23]\].

Determination of the level of anaemia {#Sec7}
-------------------------------------

Haemoglobin assays were carried out on finger-prick blood samples collected with sterile disposable lancet and the reading was carried out using a portable haemoglobinometer (Hemocue Hb 201^+^ Ängelholm, Sweden) and anaemia was defined as per WHO criteria \[[@CR24]\].

Statistical analysis {#Sec8}
--------------------

SPSS version 17 (SPSS Inc., Chicago, IL) was used for the data entry and statistical analysis. Student's *t* test and ANOVA were used to test for difference in proportions and means. Logistic regression analysis was used to determine the association between variables. Values were considered statistically significant when *P* values were less than 0.05 at 95% confidence interval (CI).

Results {#Sec9}
=======

Study participants {#Sec10}
------------------

Overall, 427 malaria suspected febrile patients from three health centers of the study area were screened for malaria parasites and intestinal helminthiases between 2009 and 2010. Fifty five percent of the participants were males and 45% were females. The study participant's age ranged from 6 to 77 years (mean ± SD = 20.8 ± 11.7) (Table [1](#Tab1){ref-type="table"}).Table 1Prevalence of malaria, helminthiases and malaria-helminthiases coinfections among the study participants by sex and age category, Wondo Genet, southern Ethiopia, 2009--2010VariableGenderAge category (years)MaleFemaleTotal5 to 14\>  14TotalMalaria infection *N* (%)154 (65.25)122 (63.87)276 (64.64)98 (64.90)178 (64.49)276 (64.64)Helminthiases *N* (%)110 (46.61)86 (45.03)196 (45.90)74 (49.01)122 (44.20)196 (45.90)Coinfection *N* (%)83 (19.43)62 (14.52)145 (33.96)54 (12.64)91 (21.31)145 (33.96)Total Examined *N* (%)236 (55.3)191 (44.7)427 (100)151 (35.4)276 (64.64)427 (100)

Prevalence of malaria infection and the status of anaemia {#Sec11}
---------------------------------------------------------

Out of a total 427 study participants screened for malaria, 276 (64.64%) were positive for malaria parasites. The *Plasmodium* species detected were *P. falciparum* 202 (47.31%), *P. vivax* 71 (16.62%) and mixed infection by both *Plasmodium* species 3 (0.70%). There were no severe malaria cases presented during the study period.

The prevalence of anaemia was 43.12% with the mean haemoglobin level of 12.38 ± 1.89 g/dL. About 48.78% of *P. falciparum* and 39.44% of *P. vivax* infected study participants were anaemic with the mean haemoglobin level of 12.15 ± 1.98 g/dL and 12.48 ± 1.43 g/dL, respectively (range: 7.0 to 18.5 g/dL). There was no severe anaemia (haemoglobin \< 5 g/dL) among the study participants. Among the *P. falciparum* infected study participants aged between five to \< 12 years, 53.57% were anaemic (mean haemoglobin = 11.46 ± 1.98 g/dL). Likewise, 78.26% of children aged between 12 and 15, 29.63% of non-pregnant women age \> 15 year old and 50.00% of males age greater than 15 years were found to be anaemic. There was statistically significant difference between the haemoglobin concentration of anaemic and non-anaemic *P. falciparum* infected study participants (*t*-test = 18.00; *P* \< 0.001) (Table [2](#Tab2){ref-type="table"}).Table 2Anaemia among malaria infected study participants by age group, Wondo Genet, southern Ethiopia, 2009--2010Age group of *P. falciparum* infected participantsHaemoglobin (g/dL),\
Mean (SD)Status of anaemia*t*-test*P* valueAnaemicNon-anaemic*n* (%)mean (SD)*n* (%)mean (SD)5- \< 12, children (*n* = 56)11.46 (1.98)30 (53.57)9.91 (0.92)26 (46.43)26, 13.25 (1.18)11.87\< 0.00112--15, children (*n* = 23)10.89 (1.47)18 (78.26)10.26 (0.85)5 (21.74)13.14 (0.80)6.74\< 0.001\> 15, non-pregnant women (*n* = 54)12.46 (1.73)16 (29.63)10.31 (0.94)38 (70.37)13.36 (1.05)10.03\< 0.001\> 15, men (*n* = 72)12.87 (1.95)36 (50.00)11.39 (1.15)36 (50.00)14.34 (1.36)9.94\< 0.001Total = 20512.15 (1.98)100 (48.78)10.57 (1.18)105 (51.22)13.66 (1.28)18.00\< 0.001*P. vivax* infected participants (*n* = 71)12.48 (1.43)28 (39.44)11.21 (0.99)43 (60.56)13.30 (1.02)8.54\< 0.001

Intensity of helminth infections {#Sec12}
--------------------------------

Out of the 427 study participants, 196 (45.90%) were positive for at least one helminth infection. Intestinal helminths observed were *Ascaris lumbricoides* (33.96%), *Trichuris trichiura* (21.55%), *Schistosoma mansoni* (13.35%), hookworms (6.79%) and *Hymenolepis nana* (1.41%). According to the WHO \[[@CR23]\] classes of intensity, *S. mansoni* had 248.8 EPG whereas the mean intensity of *T. trichiura*, *A. lumbricoides*, hookworms and *H. nana* infections were 214.4, 2,003.6, 145.7 and 584 EPG, respectively.

Correlation of helminth coinfection with malaria infection {#Sec13}
----------------------------------------------------------

The univariate and multivariate analysis for the association of gender, age or presence/absence of helminthiases coinfection on the course of malaria infection was presented in Table [3](#Tab3){ref-type="table"}. Accordingly, gender and age had no association with the occurrence of malaria; whereas, the presence of helminth coinfection had a positive association (AOR = 2.17, 95% CI: 1.44--3.28; *P* \< 0.001).Table 3Association of gender, age (years) and helminthiases status with malaria among the study participants, Wondo Genet, southern Ethiopia, 2009--2010VariableMalaria infectionCrude OR (95% CI)*P* valueAOR (95% CI)*P* valuePositive (%)Negative (%)Gender Females122 (63.87)69 (36.13)1.00^a^1.00^a^ Males154 (65.25)82 (34.75)1.06 (0.71--1.58)0.7671.05 (0.18--1.66)0.812Age 5--14 yrs98 (64.90)53 (35.10)1.00^a^1.00^a^  \> 14 yrs178 (64.49)98 (35.51)0.98 (0.65--1.49)0.9331.02 (0.67--1.55)0.938Helminth infection Uninfected131 (56.71)100 (43.29)1.00^a^1.00^a^ Infected145 (73.98)51 (26.02)2.17 (1.44--3.28)\< 0.0012.17 (1.44--3.28)\< 0.001Note: ^a^Reference; *AOR* Adjusted odds ratio

The odds of helminths coinfection on the occurrence of malaria, status of malaria associated anaemia and parasitaemia {#Sec14}
---------------------------------------------------------------------------------------------------------------------

In the present study, it was observed that helminth coinfection had no significant association with the level of haemoglobin concentration among malaria positive study participants. However, from a single helminth coinfection analysis among malaria infected participants, *Schistosoma mansoni* had increased the odds of developing anaemia (OR = 14.4, 95% CI: 1.37--150.80; *P* = 0.026) (Table [4](#Tab4){ref-type="table"}). However, there was no correlation with helminth coinfection and the level of parasitaemia due to *P. falciparum* infection (Fischer's exact-value = 4.48; *P* = 0.217, 95% CI). The Multivariable logistic regression analysis with single helminth coinfection with malaria showed that *Schistosoma mansoni* (AOR = 1.96, 95% CI: 1.20--3.21) and *Ascaris lumbricoides* (AOR = 2.58, 95% CI: 1.22--5.43) had positive associations with the occurrence of malaria infection.Table 4Association of helminths coinfections on the occurrence of anaemia among malaria infected study participants, Wondo Genet, southern Ethiopia, 2009--2010VariableTotalAnaemia (%)Normal (%)OR (95% CI)*P*-valueCoinfection14564 (44.14)81 (55.86) Malaria/Hook worm00 (0.00)0 (0.00) Malaria/*Trichuris trichuria*135 (38.46)8 (61.54)1.00^a^ Malaria/*Ascaris lumbricoides*5227 (51.92)25 (48.08)1.73 (0.50--5.99)0.388 Malaria/*Schistosoma mansoni*109 (90.00)1 (10.00)14.4 (1.37--150.80)0.026 Malaria/*Hymenolepis nana*00 (0.00)0 (0.00) Malaria/Any single helminthInfection7541 (54.67)34 (45.33)1.93 (0.58--6.45)0.286 Malaria/multiple helminthInfection7023 (32.86)47 (67.14)0.78 (0.23--2.66)0.695Note: ^a^Reference

Discussion {#Sec15}
==========

Malaria and helminths coinfection is a serious public health problem in developing countries where their distribution overlaps \[[@CR1], [@CR2], [@CR15], [@CR25]\]. Wondo Genet is one of such places in Ethiopia where malaria and helminth parasites transmission overlaps and poses a major public health problem \[[@CR11], [@CR26]\]. This is partly attributable to small scale irrigation-based agricultural activities in the area that maintain year-round transmission of malaria and helminthiases. Irrigation provides favorable environment that would support the life cycle of the malaria parasite vectors, the intermediate hosts of Schistosome parasites and prevents destruction of soil transmitted helminth parasites. The prevalence of helminth-malaria parasite coinfection in this study (33.96%) was relatively lower than that reported in a previous study in the study area (67%) \[[@CR11]\], Halaba Kulito district in southern Ethiopia (55.7%) \[[@CR25]\] and northwest Ethiopia (53.9%) \[[@CR27]\]. This may be an indication of the impact of malaria control measures which included case-management with drug treatment, application of indoor residual spraying (IRS), distribution of insecticide-treated nets (ITN) and integrated vector management measures in use at the time of the study \[[@CR28]\].

Similar to previous reports on *A. lumbricoides*, *T. trichiura* and *S. mansoni* in different parts of Ethiopia \[[@CR8], [@CR11], [@CR26]\], the present studies showed that these helminths are the dominant helminth parasites in the country. The prevalence of hookworm infection (6.79%) observed in the present study is lower than that of the national prevalence (16%) \[[@CR29]\]. Similarly, the prevalence of *A. lumbricoides* (33.96%) and *T. trichiura* (21.55%) were lower than those of the national prevalence 37 and 30%, respectively \[[@CR29]\]. Intestinal helminth infections were reported to have varied prevalence in different part of the country, 83.3% in Langano area \[[@CR30]\], 82.4% in Zarima town \[[@CR31]\] and 43.5% in Butajira \[[@CR32]\]. Similarly, this study reported the total helminthiases burden of 45.90% among the study participants. This site-specific heterogeneity might be related to differences in target population, socioeconomic status, cultural inclination, level of sanitation practices and ecoepidemiological variations \[[@CR32]--[@CR34]\].

Although the causes of anaemia are known to be complex and multi-factorial, it is a major complication of malaria \[[@CR35]\]. An inadequate intake of iron is another important factor in iron deficiency anaemia \[[@CR36]\]. In malaria endemic areas of Africa, an overall prevalence of anaemia was reported to range from 49 to 89% mainly among children \[[@CR37]\]. Hence, the prevalence of anaemia due to *P. falciparum* among children aged five to \< 12 years (53.57%) and those aged 12--15 years (78.26%), reported in the present study, falls within this range. Nutritional deficiency and other etiologies might have added to this burden of anaemia.

Helminth parasite coinfection, especially *S. mansoni* and *A. lumbricoides,* was found to be positively associated with malaria infection. This finding is similar with a report from Dore Bafeno, southern Ethiopia \[[@CR10]\] and from Osogbo, Nigeria \[[@CR38]\]. However, concurrent intestinal helminthiases did not have profound association with the severity of parasitaemia due to *P. falciparum* infection. Other reports from the country showed the opposite finding in that helminth coinfections resulted in higher mean level of parasitaemia \[[@CR11]\] and increased malaria parasite density \[[@CR8]\].

Based on the information that malaria and intestinal helminth coinfections reduce haemoglobin levels, it is presumable that their combined presence might interact to enhance the risk of anaemia. Several reports from Kenya, Nigeria, Thailand and some other countries of Africa have also suggested the existence of an additive impact of helminth-malaria parasite coinfection on anaemia \[[@CR16], [@CR39]--[@CR41]\]. In the present study, *S. mansoni* was found to increase the odds of developing anaemia. Schistosome coinfection might be exacerbating anaemia arising from malaria \[[@CR42]\]. This is corroborated by the report by Getie and co-investigators from Northwest Ethiopia \[[@CR43]\]. Other report claimed that *S. mansoni* coinfection might reduce the effectiveness of malaria treatment \[[@CR44]\] indicating the need for integrated prevention approach.

The present study showed the occurrence of helminth parasite coinfections with malaria and its association with the occurrence of malaria infection and the development of anaemia. The finding has relevant implications for control interventions of malaria and helminth parasite infections. However, it was found difficult to reach at a definitive conclusion about the interaction of helminthiases and malaria based on the cross-sectional studies conducted. This is the limitation of the study and a longitudinal/cohort study design on a mixed infection model would be required for a better understanding of the effects of helminth-malaria parasite coinfections.

Conclusions {#Sec16}
===========

Malaria and helminthiases are important public health problems in Wondo Genet. Lower prevalence of malaria compared with that of previous report \[[@CR11]\] is attributable to the ongoing malaria intervention program. However, a comprehensive monitoring and evaluation of the intervention programs in the study area against both parasite groups will be required. The role of helminth parasite coinfection on the severe forms of malaria, and on treatment outcomes should be investigated as this would help design effective control approaches. A longitudinal/cohort study design on a mixed infection model would be required for a better understanding of the effect helminth-malaria parasite coinfections. Data on the role of helminth coinfections on the immunomodulation, and pathophysiology of malaria need to be generated.
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